(AC) on IR, and its possible mechanism of action. Chalcones (okanin and 9 9 butein derivatives) are the main constituents of ethyl acetate extract of C. glucopyranoside) as the main metabolite [23] . Marein has many beneficial 1 0 2 biological activities, including antihyperlipidemic [24] , antioxidative [25] , 1 0 3
antidiabetic [26] , and antihypertensive effects [27] . Previous research has also 1 0 4
found that Marein prevented tert-Butyl-Hydroperoxide and cytokine induction signaling cascade [20] . In addition, Marein promotes pancreatic function 1 0 7
recovery in streptozotocin-induced glucose-intolerant rats [26, 28] . Our previous in improving IR [29] . The protective effects of marein on high glucose-induced 1 1 0 metabolic disorder via IRS1/AKT/AS160 signal pathway in HepG2 cells [30] .
1
These findings focused on in vivo anti-diabetic effect led us to further 1 1 2
investigate the underlying mechanism, as to our knowledge no studies on the on energy metabolic level.
5
In this study, we employed LC/MS-based metabolomics techniques to anti-fumarate hydratase (FH) (ab113963, 1:50000), rabbit polyclonal anti- and hexokinase (a key enzyme in glycogen synthesis) activity. Both were previously suppressed.
In the hepatocyte, PEPCK and G6Pase levels and gluconeogenesis are glycogen in a situation of IR [37] . In this study, 55 mmol/L glucose caused an inhibited these alterations ( Fig. 3G-I ). analysis was set to 0.10 [38] , and 27 of the regulated pathways were identified 3 3 9
as potential target pathways ( Fig. 4F and To evaluate the effect of Marein on Krebs cycle metabolism of human hepatocyte exposed to high glucose, the RNA and protein expression of
Krebs related enzymes were detected with qPCR and western blot assays. As shown in figure 7A , treatment with 55 mmol/L glucose caused to an increase SDHA, ACO2, IDH2 and CS in a dose-dependent manner (Fig. 7Band 7C) . glucose-induced IR model cells. As exposure to high glucose will decrease glycogen synthesis, the effect of produced more ATP to supply energy due to a decline in glucose uptake. Previous study showed that the flower tea C. tinctoria increases insulin sensitivity and regulates hepatic metabolism in rats fed a high-fat diet [22] . In this study, it had been showed that AC strongly improves glucose and lipid homeostasis disrupted by HFD in rats. As the main components of AC, Marein protects HepG2 cells from high glucose-induced glucose metabolism disorder. Metabolomics analyses showed that Marein improves the multitude metabolic increase glycogen synthesis [37] . We found that glucose utilization and 4 0 6 glycogen synthesis were significantly decreased but the activity of PEPCK 4 0 7
and G6Pase, the key enzymes in the metabolic pathway of gluconeogenesis
were obviously increased in cells treated with high glucose (Fig. 3 ). These
results are in agreement with the previous findings that hepatic IR can be glycogen synthesis, increasing in the activity of PEPCK and G6Pase. lactate were clearly increased in the high glucose treatment cells [40, 41] . These response to an increased glycolytic activity. This is different from the liver 4 2 2 tissues with type 2 diabetes [42] . One possible explanation for these results is converted to acetyl-CoA and then enter the Krebs cycle in the mitochondria.
Previous reports have demonstrated that the key enzyme activities of the
Krebs cycle are significantly altered in type 2 diabetes [35, 44, 45] .
In this study, mRNA expression and protein levels of these enzymes
were measured, and it was found that treatment with high glucose caused
an increase in mRNA and protein levels of some key enzymes including mostly focused on the key enzymes activities of Krebs cycle [35, 44, 45] . The A recent report by Choi et al. [46] implicates glucolipotoxicity as a cause for intermediates that is consistent with our current findings that the levels of enzymes may degrade the related substrates.
In summary, we evaluated the effect of marein extracted from on IR. And homeostasis, and an increase in the levels of ATP, pyruvate and lactate. Meanwhile, Marein also improves glucose and lipid metabolism disorder The work was supported by grants from the National Natural Science interest associated with this publication and there has been no significant Formal analysis: LLe. Validation: G,Xiao. Visualization: L, Xu K,Hu. Writing -original draft: LLe B,Jiang. Writing -review & editing: LLe B,Jiang. References: 
